Abstract: Science communicators and scholars have struggled to understand what appears to be increasingly frequent endorsement of a wide range of anti-science beliefs and a corresponding reduction of trust in science. A common explanation for this issue is a lack of science literacy/knowledge among the general public . However, other possible explanations have been advanced, including conflict with alternative belief systems and other contextual factors, and even cultural factors (Gauchat 2008; Kahan 2015) that are not necessarily due to knowledge deficits. One of the challenges is that there are limited tools available to measure a range of possible underlying negative perceptions of science that could provide a more nuanced framework within which to improve communication around important scientific topics. This project describes two studies detailing the development and validation of the Negative Perceptions of Science Scale (NPSS), a multi-dimensional instrument that taps into several distinct sets of negative science perceptions: Science as Corrupt, Science as Complex, Science as Heretical, and Science as Limited. Evidence for the reliability and validity of the NPSS is described. The sub-dimensions of the NPSS are associated with a range of specific anti-science beliefs across a broad set of topic areas above and beyond that explained by demographics (including education, sex, age, and income), political, and religious ideology. Implications for these findings for improving science communication and science-related message tailoring are discussed.
Introduction
Policy debates on many pressing social issues, as well as personal decision-making across a range of contexts, hinge upon the public having an accurate view of the underlying science associated with those issues. However, recent surveys have suggested that there is often considerable difference between scientists and publics on certain issues. A recent Pew study, for example, identifies differences between the general lay public and scientists on a range of issues and demonstrates how the two groups view the world through different lenses. One finding from the survey found that 98% of scientists agree with the statement that humans have evolved over time while only 65% of the general public agrees with that statement . Sometimes, the problem is characterized as a deficit in scientific understanding among the general public. For instance, Pew research indicates that there are gaps in some scientific knowledge among the general public. For example, 86% of respondents knew the core was the hottest layer of the earth while only 34% of respondents knew that water boils at lower temperatures at higher altitudes (Funk and Goo 2015) . Certainly, members of the public who lack scientific understanding may find themselves disagreeing with scientists, but current research suggests that disagreements between publics and scientific consensus may reflect factors other than science literacy deficits.
off.") and Hierarchy-Egalitarianism (e.g., "We have gone too far in pushing equal rights in this country"). These dimensions have been shown to bias how individuals perceive information on polarizing science-related topics such as HPV vaccination (Kahan et al. 2010) , climate change, nuclear waste disposal, and handguns (Kahan et al. 2011) . Other measures associated with negative science perceptions are often designed to be context specific. For instance, Connor and Siegrist's (Connor and Siegrist 2010) examination of gene technology acceptance utilized measures of biology knowledge, gene technology knowledge, and gene technology related industries and government organizational trust. This approach, while extremely informative at the specific context level, uses measurement devices that are not easily generalizable beyond the context under study.
Finally, some study protocols use measures with potential inherent limitations. Gauchat (2008) acknowledged that his use of GSS data, though creative and well justified, necessarily limited the choice of items available to measure the dimensions of his model. It is also common for studies to introduce study specific ad hoc measures designed to address theoretically relevant constructs associated with a specific potential predictor of a science related issue. Brossard and Nisbet's (Brossard and Nisbet 2007) four-item deference to scientific authority scale (e.g., "Scientists know best what is good for the public.") was found to be associated with support for biotechnology. Ad hoc scales may indeed be valid and reliable measures, but they often are not subjected to development and validation processes associated with measures designed to be used beyond the immediate project.
The current literature suggests that there are at least three conceptually different factors, possibly more, that could underlie negative perceptions of prevailing scientific views, the scientific process itself, or the scientists who advocate for them. However, there are currently no integrated tools for measuring variation in these factors, or other possible factors, to help distinguish between different possible sources of specific anti-science views. Without such tools, it becomes difficult to know how to develop evidence-based strategies for engaging publics effectively.
The current project focuses on addressing this need by describing the development of a preliminary scale that reflects the multidimensional nature of anti-science perceptions and demonstrates the extent to which different aspects of anti-science perceptions may underlie specific areas of controversy between scientists and various publics. Our contention is that if negative perceptions of science are multidimensional, then various aspects of these perceptions should be differentially related to different anti-science beliefs. This, in turn, might suggest different communicative approaches for improving dialogue with relevant publics. Hence, this project also seeks to provide evidence for the validity of multidimensional anti-science attitude scale by examining its relationship with a range of specific issues in which anti-science sentiment has been identified. Having tools to better measure target audience variation in negative perceptions of science would facilitate the ability of scientists and scientific organizations to engage conversation with publics more effectively.
Study 1
In Study 1, we detail the initial methodology used to develop a preliminary negative perceptions of science scale from initial item generation, through data collection, and subsequent analysis and validation.
Methods

Sample and Procedures
Upon IRB approval, 502 participants were recruited to participate in an online survey through Amazon's Mechanical Turk (mturk.com) system. mTurk is an online tool for recruiting individuals to complete tasks for a wide range of activities. Increasingly, mTurk is used as a way to recruit individuals for participation in research projects and has been found to provide viable samples for a wide range of common research protocols (Casler et al. 2013; Christenson and Glick 2012; Goodman et al. 2013) . Participants were compensated $1.00 each upon completion of the survey. To be eligible for participation, participants needed to be 18 years of age or older and reside in the United States.
The online survey contained a variety of demographic questions, a pool of items potentially associated with different aspects of multidimensional negative perceptions of science scale (NPSS), and items related to specific anti-science beliefs. The 500 participants reflected meaningful variation across a wide range of demographics: age (M = 37.53, SD = 12.22), sex (Male = 49.4%, Female = 50.6%), race/ethnicity (White = 78.6%, African American = 7.8%, Hispanic/Latino = 4.2%, Asian = 7.2%, Other = 2.2%), education (HS or Less = 10.00%, Some College = 37.3%, College Degree = 38.5%, Graduate Degree = 14.2%), and family income (0-30K = 27.1%, 30-40K = 13.9%, 40-50K = 12.7%, 50-60K = 10.0%, 60-70K = 9.2%, 70-80K = 6.6%, 80-90K = 4.4%, 90-100K = 4.4%, 100K+ = 11.8%).
Measures
Negative perceptions of science scale (NPSS). To inform our scale development activity, and build on the themes in the extant literature (primarily Gauchat 2008 Gauchat , 2012 , we initially asked 422 college students participating in a survey on a related project to list up to 5 reasons they "can think of for why people in the general public would hold negative beliefs about science, scientists, or scientific methods, either in general or in specific areas." The goal of this question was to help ensure we captured a range of possible sources of potential anti-science attitudes to supplement those reasons already identified in the academic literature. This question generated 1454 specific statements. We conducted a thematic analysis of these items. Our analysis identified 8 potential themes that we believed reflected differentiable reasons why one might hold negative perceptions of science. Table 1 identifies these themes and provides example participant statements associated with each theme. Table 1 . Anti-science themes and exemplars.
Theme Exemplar Statement
Science is in opposition to religion Religion doesn't leave much room for science Science has fundamental limitations Scientists are never 100% certain of their findings Science is not comprehensible Science is hard for some people to understand Scientific motives are suspect Some science is based on economic benefits Scientific discoveries bring about harm Some scientific conclusions are harmful to society Primitive rejection of science It produces useless research that is not useful to humanity Scientists are unlikeable people Scientists are often too arrogant to see the flaws in their own work Science opposes alternative ways of knowing (besides religious)
There are alternative ways to looking at life other than through a scientific perspective Using these themes, along with issues identified in the literature, a pool of 45 candidate belief statements was generated for possible inclusion in the initial NPSS scale.
Specific anti-science beliefs. Drawing inspiration from a recent National Geographic Magazine issue highlighting "The War on Science," (Achenbach 2015) statements were created to reflect four major anti-science issues: "Humans are not responsible for global warming/climate change" (M = 2.07, SD = 1.10); "The Earth is only a few thousand years old." (M = 1.63, SD = 1.03); "Vaccines can cause autism." (M = 2.09, SD = 1.14); and Genetically modified organisms (GMOs) are harmful." (M = 3.06, SD = 1.15). All statements were represented as 5-point Likert items (1 = Strongly Disagree, 5 = Strongly Agree). These items were developed to facilitate validation of the NPSS. Since our initial perception is that anti-science attitudes are multidimensional and differentially related to different scientific issues, these items were examined as single-item constructs, and not aggregated into a larger scale.
Ideological orientations. Two items were used to assess what we refer to as general ideological orientations. In particular, much of the debate around certain science-based topics aligns with one's general political orientation (liberal/conservative), and religiosity (non-religious/religious). Religiosity was measured through the item "How would you rate your religious orientation?" on a five-point scale (1 = Very Unreligious, 5 = Very Religious), M = 2.52, SD = 1.45. Political orientation was measured on a 5-point scale through the item "How would you rate your political orientation?" (1 = Very Liberal, 5 = Very Conservative), M = 2.66, SD = 1.12). Our presumption was that some dimensions underlying negative perceptions of science should be associated with variation in religiosity and political orientation, but others may not.
Results
Initial NPSS construction and validation. An exploratory factor analysis (EFA) using principal axis extraction and a direct oblimin rotation was conducted on the forty-five candidate NPSS items to identify potential underlying dimensions. To facilitate exploration and validation of any resulting solution, we randomly split the data into two samples of 251 participants: one for an initial exploratory investigation, and one to serve as a validation sample. A parallel analysis was conducted to identify the number of latent factors that seemed to be operative above which could be explained by chance. This analysis suggested the existence of four latent factors. Therefore, we conducted follow up analyses seeking a simple structure focused on the clarification of these four underlying dimensions as a potentially parsimonious solution. After removing items that loaded less than 0.5 on their primary factor with a difference of at least 0.2 on secondary factors. The resulting four component solution accounted for 57.14 percent of the overall variation in the 23 retained items. Examination of retained items with primary loadings are presented in Table 2 . Based on our interpretation of the content of the items associated with each factor, we labeled these negative perceptions as: Science as Corrupt, Science as Onerous, Science as Limited, and Science as Heretical. Corrupt items reflect a factor associated with strong distrust of scientists or the scientific process and suggest that scientists may have ulterior motives that seriously compromise the integrity of their work. Onerous items reflect a more primitive aversion to science and sees it as complex, uninteresting, and potentially threatening. Heretical items reflect a dimension that science conflicts with other deeply held beliefs, specifically religious beliefs, that are considered more valid than scientific beliefs. Finally, Limited items reflect a potential belief that science cannot explain everything and that there are potentially other ways of knowing or understanding the world.
Confirmation of initial NPSS scale. Using sample 2, we sought to assess the preliminary fit of this four-factor solution using confirmatory factor analysis. Initial validation of the items demonstrated poor fit (χ 2 = 643, df = 224, p < 0.001; RMSEA = 0.086, CFI = 0.86; TLI = 0.85; SRMR = 0.07). Examination of factor loadings and modification indices suggested the removal of problematic items. After removal of these items, fit markedly improved (χ 2 = 149, df = 71 p < 0.001; RMSEA = 0.067; CFI = 0.95; TLI = 0.94; SRMR = 0.049). Table 2 identifies items retained in the CFA model along with standardized parameter estimates.
Further validation of the initial NPSS subscales. Zero-order correlations were computed among all the study variables using items retained in the CFA analysis from sample 2. Reliability coefficients and descriptive statistics for each subscale is presented in Table 2 . Our conjecture was that a valid measure of negative perceptions of science, in general, should be associated with more specific anti-science beliefs and, potentially, political and religious ideology. Table 3 reports pairwise correlations for all these variables, indicating that the initial NPSS scales were, indeed, significantly and meaningfully related to anti-science beliefs, as well as political conservatism and religiosity. Several observations can be made about these initial results. First, all study variables were significantly and positively associated with each other. Relative differences in the magnitude of the correlations is potentially informative and speaks to conceptually meaningful differences. For instance, the association between science as heretical was most strongly associated with religiosity (r = 0.71) and endorsement of belief in a young earth (r = 0.63) but had lower correlations with other items. In contrast, those who saw science as corrupt were most likely to endorse the belief that vaccinations may be linked to autism (r = 0.50). Finally, political orientation (higher levels of political conservatism) was most strongly linked to the belief that humans are not responsible for global warming/climate change (r = 0.45). Among the four specific anti-science beliefs in this study, this issue is the one that has been most politicized in public debate. 
Discussion
These results provide initial evidence of the reliability and validity of the NPSS. Our measures were conceptually meaningful and produced results consistent with expectations regarding their association with other measures designed to help provide an initial assessment of their validity. However, the initial set of items and associated subscales have some notable limitations. First, though we identified four relevant themes, several items associated with these themes were eliminated due to lower than ideal primary loadings and larger than ideal cross loadings. Hence, despite acceptable model fit, there is a need to improve the overall psychometric properties of the subscales. Additionally, one of our themes, science as heretical, only contained two items. Hence, our initial pool of items associated with each factor would likely benefit from further refinement and validation against a broader range of anti-science beliefs. Therefore, we conducted a second study to address these limitations.
Study 2
Study 1 provided an initial attempt to identify potential dimensions underlying negative perceptions of science. We followed this initial study with a second study designed to further refine the NPSS items and address other limitations of Study 1. Specifically, Study 2 addresses this need for an expanded set of items to improve measurement limitations for the major factors identified and provide further evidence of the validity of these measures to explain variation in a broader range of specific anti-science beliefs.
Methods
Recruitment and Participants
Recruitment of subjects, eligibility requirements, and participation incentives were identical to study one. Five-hundred and five completed surveys were collected. Similar to study one, the participants reflected meaningful variation across a range of demographics: age (M = 37.32, SD = 12.17), sex (Male = 54.6%, Female = 45.4%), race/ethnicity (White = 79.1%, African American = 7.8%, Hispanic/Latino = 45.6%, Asian = 5.4%, Other = 2.2%), education (HS or Less = 11.1%, Some College = 34.3%, 4 Year College Degree = 40.4%, Graduate Degree = 14.1%), and family income (0-30K = 22.1%, 30-40K = 13.1%, 40-50K = 12.9%, 50-60K = 10.4%, 60-70K = 10.0%, 70-80K = 8.2%, 80-90K = 5.0%, 90-100K = 5.0%, 100K+ = 13.1%).
Measures
Negative perceptions of science. This version of the survey included a revised set of 32 items, including the retained items from Study 1. A few items in the original survey were slightly reworded for clarity, and additional items were specifically designed to improve the number of items associated with sub-dimensions identified in study one.
Anti-science beliefs. We expanded our initial list of four specific anti-science belief items that were included from Study 1 to eleven in Study 2. These items were drawn from a range of sources often highlighted in political debates featured in the media. The goal was to provide a broader set of items to facilitate further validation of an enhanced version of the NPSS under the same premise that underlying NPSS factors will vary in how strongly they are associated with specific anti-science beliefs. All statements were represented as 5-point Likert items (1 = Strongly Disagree, 5 = Strongly Agree). Ideological orientations. The same two items were used to assess general ideological orientations in this study as in study one: political orientation (M = 2.68, SD = 1.16) and religiosity (M = 2.59, SD = 1.47).
Results
NPSS refinement. To facilitate continued confirmation of the expanded set of items, we conducted a CFA. We previously identified a conceptually meaningful latent factor structure in study one but wanted to improve measurement of those latent constructs in Study 2. Our initial CFA was composed of items specifically associated with each dimension: Corrupt, 10 items; Onerous, 8 items; Heretical, 6 items; and Limited, 8 items. This initial analysis showed inadequate fit (χ 2 = 1626.13, df = 489, p < 0.000; RMSEA = 0.078; CFI = 0.86; TLI = 0.85, and SRMR = 0.07). After examination of modification indices to identify items with strong cross loadings, as well as parameter estimates to identify items with low loadings on their respective latent variables, problematic items were removed in an iterative process, by focusing on most problematic items, to improve overall model fit while preserving improved balance of items across each latent variable. This process yielded a model with considerably stronger fit, contained five observed variables per latent construct, and retained all but one of the retained items from Study 1 (χ 2 = 394.32, df = 164; RMSEA = 0.058, p = 0.033; CFI = 0.955; TLI = 0.948; SRMR = 0.049). Table 4 identifies each of the Final NPSS scale items used in subsequent analyses, along with descriptive statistics, subscale reliabilities, and standardized parameter estimates from the final CFA. Note: Parameter estimates from final CFA.
Our interpretation of these factors remains similar to how we characterized these factors in Study 1. The first factor, Science as Corrupt, reflects variation in view that scientists have underlying agendas, often financial, that influence results in ways that cannot be trusted. Individuals high in this dimension may be more likely to endorse anti-science beliefs founded in conspiratorial ideation. The second factor, Science as Onerous, reflects what we think of as a "primitive" rejection of science based on a lack of understanding of science and how it works, that may also introduce an associated fear or uncertainty and even a disinterest. Individuals who score high on this dimension may generally be contrarians regarding a range of scientific issues and reject scientific findings or recommendations "just because." This factor seems most closely to respond to what we refer to as the historically dominant "deficit" model of anti-science beliefs to the extent that individuals who do not have reasonable levels of science literacy are more likely to find science to be complex and uninteresting. The third factor, Science as Heretical, reflects participant views that religious beliefs provide people with the answers they need to understand the world, and this is reason to reject scientific findings that conflict with these strongly held beliefs. Individuals rating high on this factor may need confirmation that scientific findings are in harmony, or at least not antagonistic to, strongly held existing beliefs before they can support them. The final factor, science as limited is a factor reflecting belief that science has fundamental characteristics that compromise its reliability and trustworthiness. Unlike corrupt or heretical views, individuals who see science as limited perceive the enterprise of science, itself, as somehow flawed, irrespective of specific scientific findings. Perceived inconsistencies among scientists may encourage individuals high on this dimension to reject widely held views.
We attempted to provide further concurrent validity for our instrument by examining how well the NPSS factors predict a broader range of specific anti-science beliefs than in the prior study. Table 5 shows zero order correlations between all study variables. Table 6 reports the results of a set of hierarchical regression models examining the association with the NPSS subscales with eleven specific anti-science beliefs above and beyond demographic variables entered in block one, and religiosity and political orientation entered in block two. Each overall model was significant and, in each model, one or more NPSS items were able to significantly improve the prediction of anti-science belief endorsements above and beyond the other predictors. Examination of the beta weights associated with the NPSS items indicated that each of the subscales were associated with some, but not all anti-science beliefs, and most anti-science beliefs reflected different patterns of relationships with NPSS subscales. 
Discussion
This study provided additional confirmation of our preliminary version of the NPSS, improved measurement of those factors, and provided additional evidence supporting the reliability and validity of a refined version of the NPSS. Consistent with the first study, this study produced a version of the NPSS measuring four latent constructs: science as corrupt, science as onerous, science as heretical, and science as limited. The latent structure of the NPSS was strong based on fit indices from our confirmatory factor analysis, and each of the constructs showed adequate to strong internal consistency. Furthermore, one or more of the sub-dimensions of the NPSS were predictive of eleven different anti-science beliefs after controlling for demographics, political leaning, and religiosity.
General Conclusions
In these two studies, we have developed a scale for measuring individual differences in negative perceptions of science that may underlie endorsements of anti-science beliefs. Furthermore, we have found that these individual differences (science as onerous, heretical, limited, and corrupt) account for variation across a host of scientific beliefs beyond that of demographics, education level, political orientation, and religiosity. Consistent with other emerging scholarship (Gauchat 2008 (Gauchat , 2012 , these findings suggest that anti-science beliefs should not be treated as identical due to differences in the factors that may underlie them. However, research to date has yet to develop psychometrically investigated self-report instruments for investigating these dimensions.
Implications for Science Communication
The NPSS provides insights into public resistance to science by proposing four distinct factors that characterize different aspects of negative perceptions of science. We know audiences sometimes understand the science that underlies a particular issue, even though they may reject the scientific theory or explanation. One of our domains (science as onerous) reflects aspects likely associated with the general "deficit" model that has been the dominant paradigm in much science communication research and practice. The other dimensions (limited, heretical, and corrupt) tap other conceptually distinct components that do not clearly fit within a deficit model. In fact, viewing science as onerous was a significant predictor in only five of our 11 target beliefs. Additionally, it was the dominant predictor in only one anti-science belief (astrology). In contrast, the view that science as corrupt was a significant predictor in six of our target beliefs and was the dominant predictor in four beliefs (global warming, cancer cures, and fluoride). Science as heretical was significantly associated with six of the target beliefs and the dominant predictor in four (young earth, vaccines, evolution, GMOs). Finally, science as limited was a significant predictor in three target beliefs and the dominant predictor in two (homeopathy and ESP). This pattern of results is consistent with our view that the deficit model, while an important contributor to anti-science beliefs, is not clearly the best explanation, in and of itself, for anti-science beliefs, and in some areas, play an extremely limited role, if any. The key takeaway from this analysis is that scientists and science communicators, when working with an antagonistic public, need to target the salient underlying factors at work in a specific context.
In addition to looking at how specific NPSS factors function across a range of anti-science beliefs, it is potentially useful to look at the range of NPSS factors at work within specific anti-science beliefs. Six of our target beliefs were significantly predicted by only one dominant NPSS factor (global warming, evolution, astrology, cancer cures, fluoride, and ESP). Two NPSS factors were significant predictors of three anti-science beliefs (young earth, GMO's, and homeopathy). Three NPSS factors were significant predictors in two anti-science beliefs (vaccines and moon landing). This variation in the number of NPSS factors at work in a given anti-science issue may introduce the need for scientists to seriously reflect on how best to frame messages in ways that seriously consider multiple types of anti-science concerns concurrently. Simply working to address one issue, when multiple factors are at work, is problematic. Moreover, when multiple factors are at work and only one of those dimensions is taken seriously by science communicators, publics may be justified in their belief of scientists as "out of touch" or dismissive of their concern. If a person has three serious objections to a policy proposition, and only one is "refuted," the overall result is not particularly convincing. Additionally, it is also possible that within some target publics, the appearance of possible multiple objections to science-based positions are not all held concurrently by members of the public, but different issues are important sub-populations within a given public. A hidden challenge for science communicators, in such instances, is that attempting to address multiple negative perceptions in a particular public may be perceived as presumptuous to those who do not share all these concerns.
These insights can help scientists and science communicators target specific audiences more effectively by facilitating their ability to adopt the perspective of those who voice objections to scientific findings or consensus. If we know why a particular public holds negative perceptions about a specific scientific finding, we can tailor campaigns and messages to target them more effectively. In the following section, we briefly speculate how knowledge regarding NPSS dimensions in a relevant public might be used to tailor messages. Future research building on the themes identified in these studies should emphasize the identification of message strategies that specifically improve public acceptance and improved quality of dialogue about well-supported scientific findings, especially those that have far-reaching policy implications or impact public safety and well-being. In particular, experimental research designed to explore causal relationships between message strategies and science acceptance are recommended.
One set of implications for social-behavioral communication research following from these results is to systematically investigate message and source factors that can work to improve reception of messages designed to communicate significant scientific findings when different negative perceptions are at work.
If anti-science beliefs on a topic are related to science as onerous, individuals may disengage from important scientific discussions and debates. One potentially productive line of research could focus on investigating message strategies associated with increasing perceived personal relevance of this issue. While not tested in these studies, individuals high on the onerous dimension may be less likely to process scientific messages centrally (i.e., engage in critical evaluation of the substantive message content) because of their lack of motivation to do so (Cacioppo and Petty 1982; Cacioppo et al. 1996) . This is a core premise of work based on the Elaboration Likelihood Model tradition. Alternatively, researchers could specifically investigate ways of providing low motivation publics with alterative heuristics or peripheral cues that support acceptance of the critical science issues, such as the use of respected or well-known individuals as advocates for the scientific views. So even if a scientific rationale is not critically engaged by the public, attitudes toward the scientific consensus may improve.
In contrast, if a given audience has concern about a scientific issue based on preexisting beliefs, such as in the case of science as heretical or limited, then other strategies seem more appropriate. For instance, publics that reject the view that humans evolved from earlier life forms, usually do so because they believe it conflicts with deeply held religious beliefs that appear to suggest otherwise. Communication researchers might specifically investigate the extent that explicit acknowledgements of respect for strongly held religious beliefs has on individual openness to entertain alternative ideas. Our speculation is that dismissing a religious belief as simple superstition, or even implying it, is likely to increase resistance. Alternatively, research has found that leveraging individuals inside the community as advocates for science who have found ways of reconciling their faith with the scientific consensus, is less likely to produce resistance, and may, over time, produce more productive dialogue and impact. See Katharine Hayhoe's work on climate change and evangelicals (Cloud 2016) . To the extent that scientists are perceived of as dismissive of alternative frameworks for interpreting how the world works, conducting research to investigate the impact of alternative message sources that are deemed sympathetic to world views congruent with relevant beliefs held by the specific publics may be a useful strategy to reduce resistance and improve the quality of public dialogue.
In situations where anti-science beliefs are associated with views of science as corrupt, we speculate that messages specifically incorporating articulation of shared desired outcomes between scientists and community members will be more acceptable than those that do not articulate shared values or desired outcomes. Additionally, as with the other factors, science communication campaigns that leverage members of the community as the primary advocates, or community members working collaboratively with scientists, may be more impactful than messages delivered by the scientists in isolation.
Though our data suggests that some anti-science beliefs may be primarily related to a dominant negative perception of science, others may be driven by multiple negative perceptions of science. While our results suggest areas where this may be the case, our recommendation is that future scholars using these instruments, collect data on specific communities of interest around specific anti-science issues of concern. In such cases, tools such as the NPSS can facilitate evaluation of campaign effectiveness. Our data, which surveyed a broad range of people across the U.S., is not likely to accurately estimate how negative perceptions of science operate within a specific anti-science community. By and large, our sample reported low levels of endorsement of all the anti-science target beliefs, with endorsement means below the scale midpoint, except for GMOs which was only slightly above the scale midpoint. Overall, our sample does not appear to be particularly anti-science overall. Research targeting specific subpopulations may show stronger endorsement of specific beliefs, or more variation in those beliefs, and, consequently, reflect different patterns of results. However, it is unlikely that very many people are anti-science across a broad range of issues. Regardless, our protocol was not specifically designed to explain anti-science beliefs in a particular community of interest. For instance, scientists and policy advocates working to reduce community resistance to fluoride treatment of a water supply, may leverage instruments such as we have proposed to validate the underlying nature of the concerns to inform campaign strategy development.
Beyond linking underlying negative perceptions to specific beliefs, our study suggests that being college educated provides limited protection against anti-science beliefs. This implies that the larger scientific community may need to more actively work to alleviate more pressing concerns about science that may underlie multiple anti-science views beyond simply stressing the "facts" or "methods" of science. To this extent, our findings parallel those found in the research on motivated reasoning and cultural cognition (e.g., Nisbet and Goidel 2007; Kahan et al. 2010; Druckman and Bolsen 2011 ) that have consistently found that preexisting values and perceptions bias and filter the perception of available factual information. These findings also echo the work of other recent research that speaks to growing lack of public trust in science (Achterberg et al. 2017; Cacciatore et al. 2016) , which, in our estimation, could function as one such bias. If the public holds views that scientists have ulterior motives that compromise the veracity of their claims, other rationales, such as ideological orientation, may be more likely to guide behavior. Finally, though we emphasize the need to look at negative science perceptions in the context of specific anti-science beliefs, it is possible that there are categories of beliefs that largely reflect common patterns of negative perceptions. For instance, some of the beliefs examined in this study represent what has been termed "conspiratorial ideation" (Oliver and Wood 2014; DiGrazia 2017) . Others may represent beliefs related to what have been called "new age philosophical" orientations, which often represent beliefs in the paranormal or supernatural (Lange et al. 2000) . Others, may simply reflect engrained beliefs driven by political or religious affiliation. Future research should focus on understanding common factors underlying clusters of beliefs that may operate similarly and respond to similar types of communication strategies.
Limitations
There are several limitations to current research that need consideration. First, while our mTurk sample demonstrated considerable variability across a range of demographics, it is possible that our results are sensitive to differences between typical mTurk participants and the general population. It is likely that mTurk participants differ in employment background, technological literacy, or other factors that might skew their view of science and the scientific method in ways we have not measured. Second, though we ultimately identified four conceptually meaningful and empirically differentiable latent sub-dimensions of negative perceptions of science, there could very well be additional, unmeasured dimensions that could explain endorsement of anti-science beliefs as well. Future research should actively seek to augment the scope of the NPSS. This project is attempting to address deficiencies in current research and make an incremental contribution to research based on the growing dissatisfaction with a fully deficit-oriented model of anti-science attitudes, but we have not presented a comprehensive theoretical model of anti-science attitudes or beliefs. Future research should work to develop stronger theoretical and predictive models that help explain a broader range of issues than those reported in these studies. In particular, we hope future theorizing will continue to focus on exploring the complicated relationship between views of anti-science as deficit-based alongside the recognition of world view discrepancies and trust issues. Our work furthers this conversation but does not yet integrate these concerns in a full theoretical framework. Our work also represents views from a population within the United States. However, some of the issues explored in our study are uniquely American "problems." For instance, debates about evolution and the age of the Earth are of historical and contemporary significance in the U.S. and are actively considered in public policy debates around science education. Homeopathy, though, is much more commonly practiced in many European countries and it may be that some participants in our study may not have a clear view of what "homeopathy" is. Our survey instrument operated from the assumption that individuals at least had a notion of what was meant by these issues, but this may not have been universally true in our sample. Other anti-science beliefs explored in this study, such as skepticism about the "moon landing" may also reflect a U.S. bias that is not widely held even in the U.S. Future research should explore a broader range of issues in the context of other countries and cultures, and address how well these dimensions translate in those contexts. Our work also does not address, and was underpowered to do so, possible interaction effects among different NPSS factors. It is possible that these factors operate multiplicatively rather than additively to influence endorsement of anti-science beliefs. Finally, though our work suggests that underlying negative perceptions of science may operate causally to influence specific beliefs, cross-sectional survey research is insufficient for making these types of claims. Longitudinal and experimental protocols are warranted to better understand causal dynamics. It is possible that some individuals retrospectively attribute negative perceptions to science and scientists because of apparent disagreements on specific issues. In all likelihood, these general negative perceptions and beliefs reinforce each other over time.
Conclusions
This project represents the first attempt, to our knowledge, of developing an instrument designed to measure the multi-dimensional nature of negative perceptions of science and provide initial evidence of its measurement reliability and validity. The use of the NPSS shows promise as a resource to help gain a better understanding of various publics who may hold problematic anti-science beliefs. Our work supports the view that negative perceptions of science are more complex and nuanced than prior work assumes, and that the differentiation of several dimensions of negative perceptions of science provides richer view of the influences on anti-science beliefs across a range of topic areas.
In particular, this work has implications for future research and the design of science communication campaigns. Ultimately, conflict is reduced, and dialogue is improved in situations where the disputing parties actively attempt to adopt the perspective of the other with the goal of improving dialogue. Communication interventions and information campaigns aligned with an accurate view of the beliefs, values, and interests of a target population are less likely to foster distrust and cynicism on both sides of the debate. In particular, the view of science as corrupt, which to our thinking represents the most troubling possibility, highlights the need for scientists and science communicators to take the lead in reaching out. Instruments such as those developed in this study provide one way to better understand underlying negative perceptions of science in a population to help science communication initiatives increase their likelihood of success.
